s t r o n g l y temperature dependent a t 1.5 K, whereas i n most c r y s t a l l i n e s o l i d s i t i s o f order +l and temperature independent a t s i m i l a r temperatures. I n t h i s i n v e s t i g a t i o n the Grineisen parameter has been determined by means o f thermoelastic measurements. The temoerature changes i n rods o f v i t r e o u s s i l i c a were monitored when mechanical s t r a i n s were a p p l i e d i n t h e temperat u r e ranqe 1.5 -17 K. Below -5 K t h e Grfineisen parameter was found t o depend on t h e average s t a i n o f the sample; t h i s dependence became more marked as the temperature was lowered, a n d a t d . 5 K t h e Griineisen parameter became p o s i t i v e f o r l a r g e average s t a i n s . I r r e v e r s i b l e e f f e c t s were a l s o observed i n d i c a t i n g a broad d i s t r i b u t i o n o f r e l a x a t i o n times extending t o times longer than 100s.
The t e r n 'thermoelastic e f f e c t ' describes t h e a d i a b a t i c temperature change &T produced by a change i n volume 6V. For a r e v e r s i b l e change
(1 where y i s t h e Grineisen parameter, This parameter has p r e v i o u s l y been determined i n v i t r e o u s s i l i c a a t temperatures above 1.5 K u s i n g thermal expansion data (1, 2). I n t h i s i n v e s t i g a t i o n , mechanical s t r a i n s were a p p l i e d t o samoles o f v i t r e o u s s i l i c a a t low temperatures, a l l o w i n g y t o be determined d i r e c t l y using equation 1 (see e.g. von Schickfus, H., Diplomarbeit, Jan. 1974, unpublished).
Measurements were made i n the temperature range 1.5 -17 K. The samples were rods o f S p e c t r o s i l and \ ! i t r e o s i l (obtained from Thermal Syndicate Ltd.) o f dimensions l m m X 29 cm, and were attached a t both ends t o g r i p s mounted i n an evacuated can. Longitudinal s t r a i n s ranging from 10-5 t o 5 X 10-" were used. The temperature a t t h e c e n t r e o f the sample was measured using a carbon r e s i s t a n c e thermometer designed t o have a low heat capacity.
I n the f i r s t type o f experiment performed, ' s t e p -f u n c t i o n ' s t r a i n s viere applied (as shown i n t h e i n s e t o f Fig. 1 ). S t r e t c h i n o times a t i n t h e range 0.01 < a t < 10 S were used. Fig. 1 shows t h e r e s u l t s obtained f o r V i t r e o s i l a t 4.7 K. The sample temperature decays back t o i t s i n i t i a l value because o f thermal conduction w i t h p r i n c i p a l time constant TO = L2cp/r2r, where L i s the sample length, c the s p e c i f i c heat capacity, r, the density, and K the thermal c o n d u c t i v i t y ; (7, % 20 S a t 4.7 K). The temperature chanoes are n o t r e v e r s i b l e b u t can be analysed i n t o symmetric and antisymmetric c o n t r i b u t i o n s . 
) correspond t o r e s p e c t i v e l y s t r e t c h i n g and u n s t r e t c h i n g the sample. Curves c ) and d) are r e s p e c t i v e l y t h e smoothed antisymmetric and symmetric temnerature changes. The i n s e t shows t h e a p p l i e d s t r a i n as a f u n c t i o n o f time. was found t o be p r o p o r t i o n a l t o em2 over the whole temperature range. I n t h e a d i a b a t i c regime (~t 2 0.2 T, ), Us decreased l o g a r i t h n i c a l l y as a t was increased.
Below % 4 K AT, became t o o l a r g e t o a l l o w an accurate determination o f y.
I n t h e second type o f experiment, sinusoidal s t r a i n s o f t h e form were applied, where ~( t ) i s the time varyinn l o n q i t u d i n a l s t r a i n , eav t h e averaae s t r a i n , and EO t h e s t r a i n amplitude. 9n applying t h i s s t r a i n t o the sample, the average temperature increased by an amount AT, t o a steady s t a t e value. The temperature change AT, i s r e l a t e d t o t h e i n t e r n a l f r i c t i o n Q -I through the r e l a t i o n 1 ~KAT, Superimposed on t h e steady s t a t e temperature r i s e was an o s c i l l a t i n o temnerat u r e component. The temperature v a r i a t i o n 6 T ( t ) f o r both s i l i c a s could be modelled as t h e sun o f a fundamental and second harmonic component according t o t h e equation provided t h a t t h e frequency was h i q h enough (UT, $ 5) f o r the tevperature v a r i a t i o n t o be approximately a d i a b a t i c . The two components could be detected separately and w i t h i n t h e experimental accuracy both AT1 and AT, were found t o be frequency independent i n t h e a d i a b a t i c reoime. ! . S the temperature was raised, AT, decreased -101
Fiqure 2: Plot of y against E,, with EO = 2.5 X 10-5 a t three temoeratures: a ) 1.7 K with U = 3.4 rad S -) ; b) 2.8 K with W = 6.3 rad S -l ; c) 3 .6 K with = 6.8 rad S-l. The dotted lines indicate extrapolation. The second harmonic component can a r i s e from two different sources. Contributions can come from either the mechanical loss or from the strain dependence of y . The contribution from the mechanical loss may be calculated using the same d i s t r i b u t i o n o f r e l a x a t i o n t i n e s used t o o b t a i n equation 5, and qives t h e major cont r i b u t i o n t o AT^. The amplitude and phase o f t h e p r e d i c t e d second harmonic compone n t are i n agreenent w i t h t h a t observed.
The ' s t e p -f u n c t i o n ' s t r a i n r e s u l t s are a l s o exnlained using the same relaxat i o n time d i s t r i b u t i o n . The observed maonitude, s t r a i n dependence and l o g a r i t h m i c time dependence o f AT a r e ~r e d i c t e d . This time dependence comes about because two-level systems w i t 8 r e l a x a t i o n times dt 2 T ?J .r0 c o n t r i b u t e t o AT,, whereas i n the sinusoidal case o n l y two-level systems w i t h T 2. l / w c o n t r i b u t e . The theory a l s o explains 14hy t h e maximum o f the symmetric temperature chanqe occurs a t a l a t e r time than t h a t o f the antisymmetric temperature chanqe (see Fio. I c and I d ) . This e f f e c t a r i s e s because o f t h e delayed i r r e v e r s i b l e heat output o f t h e two-level systems w i t h long r e l a x a t i o n times ( T 2 0 . 1~~) .
I n summary, t h e measured energy d i s s i n a t i o n can be r e l a t e d t o e x i s t i n g hiqher temperature measurements, and understood on t h e basis o f a standard model (4) . This model i s a general one assuming t h a t ' e l a s t i c d i p o l e s ' o r two-level systems w i t h a wide range o f r e l a x a t i o n times e x i s t i n amorphous s o l i d s , and so should apply t o a wide range o f disordered materials. The sign, magnitude and s t r a i n denendence o f t h e Grineisen parameter are more d i f f i c u l t t o understand i n q u a n t i t a t i v e terms. These r e s u l t s depend on t h e i n t e r a c t i o n between two-level systems and t h e a p p l i e d s p r a i n i n a more d e t a i l e d way than t h e d i s s i p a t i o n r e s u l t s , probinq t h e average couplino t o s t r a i n e a r a t h e r than t h e mean square. Hoip~ever, i t i s -c l e a r t h a t these r e s u l t s f o r t h e Gruneisen parameter provide an important c o n s t r a i n t on t h e p o s s i b l e microscopic models o f the defects i n glasses.
